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Abstract : Solar X-ray flares are the tremendous spectacular explosions on the surface of the sun Major 
X-ray flares (M and X class) have been selected to study their heliographic distributions during solar cycle 23 
The occurrence of geomagnetic storms (Dst magnitude <f -100 nT) associated with X-ray flares, coronal mass 
ejections (CMEs) and solar radio emissions (SREs) has also been analyzed for the period 1996 to 2006 Though, 
the occurrence of X-ray flares (Type-M and Type-X) is equally distributed in the entire solar regions, however, 
the X-ray flares originated from northern/western hemisphere of the sun have been found more effective in 
producing major geomagnetic storms as compared to southern/eastern hemisphere Out of 78 geomagnetic 
storms, 86% are found to be associated with halo (central position angles ^360°) and partial halo (central 
position angles >120°) CMEs and about 40% geomagnetic storms are associated with sudden storm 
commencement (SSC) The observed geomagnetic storms have also been found to be associated with type II 
f/1%) and type IV (54%) solar radio bursts The results are discussed in the light of earlier findings 
Keywords : X-Ray solar flares, coronal mass ejections, solar radio emissions, geomagnetic storms 
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1. Introduction 
Solar X-ray flare is a violent explosion and spectacular short-lived phenomenon that 
occur in the sun's outer atmosphere. The solar outputs in terms of particles and field 
ejected out into interplanetary medium influences the geomagnetic conditions. Sometimes, 
the X-ray solar flares of lower importance are also able to produce geomagnetic storms. 
X-Ray flares are classified as type B (I < 10), COO"6 < I < 1<T5), M (10~5 < I < 1CT4) 
and X (KT4 < I) according to the peak flux (I) measured in watt per square meter 
(w/m2) of 100 to 800 pico meter near earth. 
Geomagnetic storms are large disturbances in the magnetic field of the earth 
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persisting for several days or more. The geo-space environment is dominated by 
geomagnetic disturbances originating from the sun via interplanetary medium, such as 
solar flares, X-ray flares, CMEs, SREs, planetary index Ap, interplanetary magnetic field 
(IMF) and their southward component (Bz), which are responsible for large geomagnetic 
storms [1-3]. Coronal mass ejections (vast structure of plasma and magnetic fields) 
expelled from the sun are now known to be a main cause for major interplanetary 
disturbances and geomagnetic storms. 
The main solar and interplanetary cause of geomagnetic storms has been 
established for decades. The exact solar sources and their characteristics were not 
well established until the advent of Solar and Heliospheric Observatory (SOHO) mission 
[4]. When CMEs event occurs, they compress and push the ambient solar wind 
plasma and magnetic field line. The distribution of flares on the solar disk shows strong 
north-south asymmetry for all classes of flares. From the N-S distribution of soft X-ray 
flares (> M1) during solar cycle 20 to 21, it was concluded that the spatial distribution 
of flares varies within a solar cycle such that the preponderance of flares occurs in the 
north during the early part of the cycle and then moves south as the cycle progress 
[5-7]. Recently, the northern hemisphere has been reported to be dominant in general 
during the rising phase of the cycle 23. The dominance of northern hemisphere shifted 
towards the solar maximum [8]. It has also been estimated that Halo CMEs are the 
main cause of geomagnetic disturbances [9-11]. It is also reported that the number of 
strong flares reach their maximum in the year of maximum solar activity [12], The 
effect of CMEs on earth magnetosphere has been extensively studied, which lead to 
conclude that interplanetary shocks, large solar particle events and non-recurrent 
geomagnetic storms are caused by CMEs [11,13,14]. 
In the present paper, an attempt has been made to study the heliographic 
distribution of X-ray solar flares and association of geomagnetic disturbances with X-ray 
flares, SREs and CMEs. The aim of this paper is to find out the active regions of the 
solar disk, which are responsible to produce major geomagnetic storms during solar 
cycle 23. The dominance of X-class flares occurring in different quadrants has also 
been investigated during 1996 to 2006, which is more effective in producing storms. 
2. Data analysis 
In the present study, we have analyzed the heliographic distribution of X-ray solar flares 
and their association with geomagnetic disturbances in relation to solar radio emissions 
and coronal mass ejections. Here we have sorted out the X-ray solar flares (Type-M 
and Type-X) during the period 1996 to 2006. The spatial distribution of X-ray flares has 
been analyzed with respect to heliographic latitude and longitude in the interval of 10°. 
To study the effect of different form of solar activity on geomagnetic field, here we have 
selected large geomagnetic storms which possess disturbed storm time index (Dst) 
decreases of less than -100 nT, during the period 1996-2006. The disturbance storm 
time index is the conventional measure of ring current intensity and energy observed 
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at earth's surface over low and moderate latitudes It is the best indicator of ring 
current intensity and a very sensitive index to represent the degree of solar disturbances 
The Dst index gives the strength of the average depression of the earth's magnetic field 
at the equator and is commonly used to measure of the strength of magnetic storms 
To see the association of Dst with X-ray flares, SREs and/or CMEs possible time lags 
of 1 to 4 days (Travel time depending on the solar wind plasma velocity from source 
region to interplanetary region near earth) have been considered Furthermore, for the 
present study, we have also considered the type II and IV radio bursts associated with 
geomagnetic storms Most of the data eg (Dst), X-ray flare data and radio burst data 
has been obtained from the Solar Geophysical Data (Prompt and Comprehensive Report 
of U S Department of Commerce, NOAA, USA) monthly issues, whereas the occurrence 
of CMEs is obtained from the website http //cdaw gsfc nasa gov/cmejist 
3. Results and discussion 
Solar active regions are identified by the location of different class of major flares, 
which eject vast amount of energy and matter from solar atmosphere and affect the 
cosmic ray intensity and geomagnetic field [15] A solar flare produces copious 
radiations across the full electromagnetic spectrum The X-ray flares have higher energy 
and greater penetrating power The variation of annual mean of the sunspot number with 
type-X (I > 10"4 w/m2) and type-M (10~5 < I < 10"4 w/m2) flares are shown in 
Figure 1. This figure shows that minimum number of type-X and M-class flares have 
occurred in the year 1996 whereas the occurrence is maximum in the year 2001 for 
both type of flares From which, it is clear that the occurrence of type-X and M-class 
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Figure 1. The variation of annual mean of the sunspot number with type-X and type-M class flares 
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flares follows the phase of solar cycle. Further the cross-plot between X-class flare and 
sunspot number shows high degree of correlation between them (Correlation coefficient 
r » 0.84). 
The distribution of X-ray solar flares (Type-M and Type-X) around the solar disk 
during the period 1996-2006 is shown in Table 1. The distribution shows that the 
Table 1. 
X-Flare distrubution (M-type) 
N 
S 
E 
W 
Total 
0 - 1 0 
105 
81 
54 
51 
998 
1 0 - 2 0 
275 
295 
70 
42 
2 0 - 3 0 
106 
114 
76 
54 
X-Flare distrubution (X-type) 
N 
S 
E 
W 
0 - 1 0 
7 
4 
4 
5 
1 0 - 2 0 
24 
30 
1 
12 
2 0 - 3 0 
8 
10 
2 
4 
3 0 - 4 0 
10 
10 
49 
69 
3 0 - 4 0 
4 
1 
5 
6 
4 0 - 5 0 
2 
0 
60 
61 
4 0 - 5 0 
0 
0 
4 
5 
5 0 - 6 0 
0 
0 
59 
55 
5 0 - 6 0 
0 
0 
2 
6 
6 0 - 7 0 
0 
0 
55 
73 
6 0 - 7 0 
0 
0 
5 
4 
7 0 - 8 0 
0 
0 
41 
52 
7 0 - 8 0 
0 
0 
3 
1 
8 0 - 9 0 
0 
0 
18 
34 
8 0 - 9 0 
0 
0 
7 
9 
9 0 - 1 0 0 
0 
0 
7 
18 
9 0 - 1 0 0 
0 
0 
0 
3 
Total 
498 
500 
489 
509 
Total 
43 
45 
33 
55 
Total 88 
number of X-ray flares have almost uniformly occurred over the entire solar disk 
whereas, the occurrence of major solar flares (Imp > 1B) is more in northern/western 
hemisphere as compared to southern/eastern hemisphere [14]. It is also evident from 
this table that most of the X-ray flares of type-M are produced in the range 0-40c 
latitude, which holds good for both northern and southern hemisphere. No X-ray flares 
have occurred beyond 50° in northern or southern hemisphere. Moreover, the longitudinal 
distribution of X-ray flares (Type-M and Type-X) has been found to occur equally 
throughout the entire solar region. The occurrence of geomagnetic storms (Dst 
magnitude - 1 0 0 nT) and their association with solar processes is shown in Table 2. 
It appears from the table that the coronal mass ejections and solar radio emissions 
are the main causes to produce major geomagnetic disturbances. Out of selected 78 
large geomagnetic storms, 83% geomagnetic storms are associated with coronal mass 
ejections (halo CMEs and partial halo CMEs), which are in conformity with the results 
reported earlier [9-11]. 
Geomagnetic storms are a major indicator of disturbance in the earth's 
magnetosphere that occur when the interplanetary magnetic field (IMF) turns southward 
and remain so for a prolonged period [16,17]. Soon, after knowledge about coronal 
mass ejections (CMEs), it was found that major geomagnetic storms are highly 
correlated with the CMEs [18,19]. Reconnection between the southward-directed 
component of the interplanetary magnetic field (Bz), and the northward directed 
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Table 2. Association of geomagnetic 
Events (Out of 78) 
Dst -fType II SRE(without Type IV) 
Dst + Type ll SRE (Total Type II) 
Dst + Type IV SRE (without Type II) 
Dst + Type IV SRE (Total Type II) 
Dst + CME + Flare (Only) 
Dst + CME + SRE (Only) 
Dst + CME + SRE + Flare 
Dst + SRE + Flare 
Dst + CME 
Dst + SRE 
Dst + SSC 
Dst + Flare 
storms with the solar parameters 
Percent 
22% (17 out of 78) 
7 1 % (55 out of 78) 
4% (3 out of 78) 
54% (42 out of 78) 
4% (3 out of 78) 
32% (25 out of 78) 
40% (3lout of 78) 
5% (4 out of 78) 
10% (9 out of 78) 
5% (4out of 78) 
40% (32 out of 78) 
No event (0 out of 78) 
geomagnetic field occurs at the dayside magnetopause and this reconnection transports 
energy from the solar wind into the magnetosphere. During a storm, the enhanced ring 
current is created and it greatly influences the structure of magnetosphenc regions, 
which, in turn, results in a significant electric potential on conductors in all kinds of 
operating systems. As more advanced and interconnected systems are employed, the 
effect of the upper atmosphere becomes more profound. The impact of the interplanetary 
shocks on the outer part of the magnetosphere of the earth change the geomagnetic 
field component (H) suddenly and known as sudden storm commencement. Eventatuly, 
a new steady electric current is stabilized throughout the magnetopause and hydro 
magnetic waves are genetared. When this wave reaches the earth surface through the 
ionosphere, produces sudden storm commencement (SSC). CMEs originating from 
close to the disk center (most of which become front-side halos) directly impact Earth 
and produce geomagnetic storms provided their magnetic field has a prominent 
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Figure 2. Cross-plot between X-ray flares and sunspot numbers 
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southward component (Bz). The impact is marked by the sudden commencement if the 
CME drives a shock. Interplanetary coronal mass ejections (ICMEs) with a flux rope 
structure (magnetic cloud), almost always cause a storm because either the front or 
the rear section of the ICME contains effective Bz component. Occasionally CMEs 
arrive at Earth with a high inclination resulting in an intense storm (when the magnetic 
field is fully southward) or no storm at all (when the magnetic field is fully northward) 
The 40% geomagnetic storms occurred during the cycle 23 are associated with SSC 
A distribution of X-ray flares (Type-M and Type-X) associated with geomagnetic 
storms (Dst < -100 nT) during the said period is shown in Figures 3(a,b) and 4(a,b) 
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Figure 3a. The latitudinal distribution of X-ray flare associated with Dst (Type-M) during 1996 to 2006. 
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Figure 3b. The longitudinal distribution of X-ray flare associated with Dst (Type-M) during 1996 to 2006. 
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Figure 4a. The latitudinal distribution of X-ray flare associated with Dst (Type-X) during 1996 to 2006 
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Figure 4b. The longitudinal distribution of X-ray flare associated with Dst (Type-X) during 1996 to 2006. 
From these figures, it is clear that the X-ray flare (Type-M and Type-X) occurred in 
northern/western hemisphere is more effective in producing large geomagnetic storms 
as compared to southern/eastern hemisphere. It is also evident that only those X-ray 
flares of type-M are more effective in producing geomagnetic storms, which have 
occurred in 0-40° of longitudinal and latitudinal regions. The X-class flares occurring 
within 0-40° N-S hemispheres are more effective in producing large geomagnetic 
storms, whereas, in E-W hemisphere only those X-class flares are effeclive which occur 
within the range 0-20°. The heliographic distributions of X-ray flares responsible for 
geomagnetic storms (Type-M and Type-X) in quadrants area of the solar disk are 
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depicted in Figures 5(a,b). These figures show that the majority of X-ray flares (Type-
M and Type-X) occurred in north-west region are responsible for producing major 
geomagnetic storms during solar cycle 23. The most frequently observed solar 
phenomenon at meter and decimeter wavelengths consists of long series of burst called 
storm bursts and the radiation of such type is called the noise storm or enhanced 
radiation [20]. The solar active region produces different types of bursts in radio range 
The major solar flares are frequently accompanied by out bursts at meter wavelengths 
lasting from 5-30 minutes and are termed as type II radio bursts. The emissions 
covering all wavelengths from microwaves to tens of meter range and lasting an hour 
or so are known as type IV radio bursts. These bursts are connected with emissions 
of plasma from deep atmosphere of the sun [9,21] and hence are well correlated with 
CMEs and geomagnetic storms. 
Figure 5a. The quadrant distribution of Figure 5b. The quadrant distribution of X-
X-ray flares (Type-M) associated with ray flares (Type-X) associated with major 
mapr geomagnetic storms. geomagnetic storms 
4. Conclusions 
Based on the observational results discussed above, the following conclusions are 
drawn : 
(i) Although, the occurrence of X-ray flares (Type-M and Type-X) is found to be 
almost equally distributed over the entire solar cycle, however, the X-ray flares 
occurred in northern/western hemisphere is found more effective in producing 
geomagnetic disturbances as compared to southern/eastern hemisphere on the 
solar disk, 
(ii) 46% geomagnetic storms are found to be associated with X-ray flares and 86% 
storms with halo/partial halo CMEs. 
(iii) The X-ray flares of type-M are more responsible as compared to type-X for 
producing geomagnetic storms; moreover, the X-class flares occurring in north-
west region are more effective in producing geomagnetic storms. 
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(iv) The observed geomagnetic storms have also been found to be associated with 
type II (71%) and type IV (54%) solar radio bursts and 40% with sudden storm 
commencement 
(v) 10% geomagnetic storms are found to be associated with only halo/partial halo 
CMEs and 5% with solar radio emissions only 
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Abstracts : We present an evaluation of the plasmon frequency associated with charge carriers of heavy 
electron systems using the theoretical model of Millis, Lavagna and Lee. For such systems, there are two types 
of plasmon frequencies - one is related with the uncorrelated conduction electrons which gives high plasmon 
frequency, and the other is low plasmon frequency which depends upon the Fermi temperature T, and the total 
carrier density n which is the sum of the carrier densities nc and /?,due to conduction and /-electrons respectively. 
Keyowrds : Plasmon frequency, uncorrelated conduction electrons, Fermi temperature, heavy electron 
systems. 
PACS Nos. : 71.27.+a, 71.45.Gm, 72.30.+q, 73.50.Mx 
1. Introduction 
Heavy electron systems are electrically conducting materials with peculiar low temperature 
properties that distinguish them from ordinary metals [1,2]. 
In these systems there are two types of electrons : 
(i) Conduction electrons whose role is dominant below Fermi temperature 7>; 
(ii) ^-electrons whose role is dominant above 7>. 
At high temperature, these systems behave as a weakly interacting collection of 
/"-electron moments and conduction electrons with quite ordinary masses. At low 
temperatures, the f-electron moments become strongly coupled to the conduction 
electrons and to one another, and the conduction electron effective mass (rrf) is 10 
to 100 times larger the bare electron mass (m). The enhancement of the effective mass 
^ — ~ © 2008 IACS 
Corresponding Author 
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can be assigned to the presence of localized f electrons in all heavy electron systems. 
These may be Ce ions with 4f electrons or U or Np ions with 5f electrons. Prominent 
examples are CeAI3f CeCu2Si2, CeCu6, UBe13l UPt3, UCd11f D^n17 and NpBe13. The 
4f or 5f electrons interacting with the bands of the delocalized electrons (d or s) can 
be considered as the "heavy electron" [3,4] of these systems. For the electromagnetic 
response of heavy electron systems, the optical experiments and the analysis of the 
experimental data give the value of the scattering rate and the plasmon frequency 
associated with the charge carriers. For CeAI3, Awasthi [5] have obtained the real part 
of optical conductivity o{u>) [= ^ ( u ) + b2(u>)] from Kramers-Kronig analysis of the 
excitation spectrum data. 
In this paper, we report the evaluation of the plasmon frequency of various heavy 
electron systems. These systems possess two types of plasma frequency [6,7]. One 
is the high plasma frequency and is concerned with the uncorrected conduction 
electrons. The other is the low plasma frequency and depends upon the Fermi 
temperature TF and the total carrier density n (= nc + nf), where n and nf are carrier 
densities due to conduction and f electrons respectively. 
2. Method of calculation 
We have used the theoretical formulation of Millis et al [6,7] which is based on a study 
of the low temperature properties of the lattice Anderson Hamiltonian, in the Kondo 
limit. It describes a band of nearly free electrons hybridizing with a very highly 
correlated band of electrons. In the absence of this hybridization, each f electron is 
confined to one lattice site localized orbitals which are far below the Fermi energy. This 
model is believed to contain the essential physics of heavy electron systems. It has 
a nonmagnetic ground state that behaves like a Fermi liquid with large effective mass. 
For the evaluation of <x(u\T), scattering must be taken into account. There are 
two pbssible sources of scattering of electrons in these systems. One is the scattering 
of electrons from the impurities and the other is the scattering from boson fluctuations. 
This latter turns out to be in some ways analogous to electron-phonon scattering. One 
can apply Matthiesen's rule [8] in which the resistivities due to different scattering 
mechanism are to be added. Thus, if in the presence of impurities only the conductivity 
is a/ and in the presence of boson only the conductivity is ob then the total 
conductivity is given by 
Matthiessen's rule is believed to be valid when the various scattering mechanism are 
not momentum dependent and are weak. 
At sufficiently low temperatures, only impurity-scattering is relevant. To compute 
the corresponding impurity component afaj) of <r(ujfT)t the disorder must be coupled 
into the system. Millis and Lee [6] obtained 
An evaluation ofplasmon frequency associated with charge carriers for heavy electron systems 
a/(u;) = [ne2/mt)] [r,/ {l + (m*/mb)2 u;2rf}] 
= [na2 /m-] | r ; /{i
 + (Wr;)2}] (2) 
introducing the definition,
 T]jrl =m*/m. 
Freytag and Keller [9] calculated the dynamical conductivity for heavy electron 
systems, taking into account the effect of impurity scattering within a mean field 
approximation of the Anderson Hamiltonian They obtained a dynamical conductivity 
characterized by a narrow low-frequency - Drude peak superimposed on a broad 
background with a minimum near k^Tk presumably due to a mixture of the broadened 
mterband transition and the Drude behaviour of the conduction electrons Two 
characteristic plasma frequencies are then expected . the one at high frequency is 
given by 
u2p = 4TT nce2/mb. (3) 
This identifies the uncorrected conduction electrons. The other is at low frequency and 
associated with the heavy plasmons, given by 
^ = >/|e(1 + n f / n c ) ] x r f (4) 
where T* is the renormalized Fermi temperature (usually identified with Tk) and nc and 
nf are the carrier densities due to conduction and f electrons respectively 
To include the scattering from bosons (a*,), application of Matthiessen's rule leads 
to the result that the conductivity is simply formed by adding the c-electron self-energy 
due to electron-boson interactions. Moreover, because the f electrons are dispersionless 
in this approach, the applied model is not Galilean invariant. Keeping in mind that the 
umklapp process can occur at all nonzero temperatures and interpreting the imaginary 
part of the c-electron self-energy as a temperature and frequency-dependent scattering 
rate 1 flwriuj). Millis and Lee [6] found 
1/r(o/, T) = 1/r, 4- (m*/Nmb) • (v2 + n2T2)/ef. (5) 
At T s 0, and for u < uc% where 
»
2c=Nef(mbfm*)lTh (6> 
the impurity scattering dominates and eq. (2) applies. For larger w, one finds 
<T,(UJ) ~ab~ (ne2/mb)(VN(m* mb)ef ~ ne2/mbW. (7) 
Therefore for u > u)c the conductivity becomes very small and approximately independent 
of frequency. 
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Now consider the case 7 = 0 , and w = 0. The resistivity p = a"1 and after 
averaging eq. (5) over the energies of thermally excited electrons, one gets 
p = (mjne2)(l/r f 4m*n2T2/3Nmbef). (8) 
3. Results and discussion 
We have calculated the plasma frequency of different heavy-electron-systems using the 
two relations given in eqs. (3) and (4), at the renormalized Fermi temperature 7*. The 
heavy electron plasmon mode reflects not only the heavy quasiparticle mass (rri/m) 
but also the renormalized Coulomb screening The other plasmon frequency is the 
unscreened heavy plasmon and is associated with the spectral weight functions and 
narrow Drude like behaviour of the conduction electrons. The results are given in Table 
1 where the calculated ratio of the effective mass to ordinary mass of the electron in 
these heavy-electron-systems are also given. 
Table 1. Plasmon frequency of different heavy electron systems 
Heavy 
electron 
systems 
CeCu2Si2 
CeAI3 
CeCu6 
CePd, 
UPt, 
UBe,3 
URu2Si2 
UCu5 
U2Zn17 
UPd?Al3 
rrf/m 
220 
1620 
1300 
370 
450 
1100 
180 
250 
500 
150 
u>;(eV) 
using eq (3) 
9 371 
3 453 
3 856 
6412 
6 552 
1 756 
11 073 
8.790 
6216 
11 348 
- ; ( e V ) 
using eq (4) 
10 446 
4 204 
4 053 
7 559 
5 296 
2 361 
9 563 
7 344 
6519 
12 698 
T* (Kelvin) 
11 340 
4 564 
4 400 
8210 
5 700 
2 560 
10 380 
7.974 
7 07 
13 79 
We have also studied the temperature dependence of resistivity p{T) for two 
heavy-electron-systems UPt3 and CeAI3 and have been calculated using eq. (8), and 
are given in Table 2 from 5 to 300 K. The CeAI3 compound has a hexagonal crystal 
structure and its resistivity displays T2 dependence up to 7 = 0.3 K. Our calculation 
gives pQ = 0.95 \i£l cm. The experimental value [10] is po = 0.76 \iQ cm. The actinide 
UPt3 also has a hexagonal structure and displays an anisotropic resistivity. The 
resistivity is different for ab plane and along the hexagonal c axis. It is also found to 
follow the T2 behaviour. Our calculated results for UPt3 for c axis are very much near 
to [p(7)]exp at oaxis. 
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Table 2. Temperature dependence of resistivity />{T) for UPt3 and CeAl, 
T 
(Kelvin) 
5 
10 
50 
100 
150 
160 
170 
180 
P(T) for 
UPt3(M,flcm) 
126 
21 2 
32 8 
78 3 
80 4 
82 6 
84 5 
86 2 
P(T) for 
CeAI3 (\itt cm) 
150 2 
162 6 
2108 
200 5 
180 4 
172 4 
168 3 
164 6 
T (Kelvin) 
190 
200 
220 
240 
260 
280 
300 
i>(T) for 
UPt3(MS>cm) 
88 5 
90 2 
92 0 
94 3 
96 5 
97 2 
99 8 
P(T) for 
CeAI3 (\iU cm) 
160 5 
158 2 
156 0 
153 9 
150 2 
148 0 
147 0 
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Determination of the effective magnetic anisotropy constant 
of ferrite nanoparticles dispersed in organic matrix 
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Abstract : With increasing interest in realising new magnetic materials, the magnetic behaviour of the 
nanoparticle disperse systems became an important problem both from the experimental point of view and 
from the theoretical one The researches performed in the last period show that, by controlling the size 
distribution, the effective anisotropy constant and the nanoparticle concentration, the nanoparticle disperse 
systems can be used for realising magnetic materials with special properties This paper presents a modality 
to determine the effective anisotropy constant of the mixed ferrite nanoparticle of NiZn, dispersed in the solid 
organic dielectric matrix - Nestrapol 450 In this respect, there are realised samples with low nanoparticle 
concentration, which are studied in dynamic magnetic fields through the 0-metnc method, using a coaxial 
transmission line in short-circuit So, it can determine the dependence of the complex magnetic permeability 
components, the tangent of the magnetic loss angles and material quality factor, on the frequency, and then 
we can calculate the medium N6el relaxation time and the effective anisotropy constant of the nanoparticles 
Keywords : Fine-particle systems, magnetic properties, nanoparticles, composite materials 
PACS Nos.: 78 66 Vs, 74 25 Gz, 61 46 Df, 72 80 Tm 
1. Introduction 
For a given substance, the effective magnetic anisotropy constant depends on the 
method of nanoparticle generation. So, for the magnetite nanoparticles, Raiker and 
Shhomis [1] indicate values of this constant in the range 103-104 J/m3. In the same 
time, Kneller presents [2] values determined by many authors, refer to the effective 
magnetic anisotropy constant of massive samples, at room temperature. They set in 
the range (7.3-14)-103 J/m3. For the mixed fernte nanoparticles of ferro-fluids types 
Mn04Zn06Fe2O4 and Mn04Zn06Fe2O4, the effective magnetic anisotropy constants have 
been determined [3] (values found : 1.9-103 J/m3 and 1.3 103 J/m3). In case of mixed 
© 2008 IACS 
1672 OsaciMihaela 
ferrites, Dillon [4] indicates the value 7.2-103 J /m 3 for the anisotropy constant of a 
sintered ferrite sample of NiZn. 
In the magnetisation process of a nanoparticle system dispersed into a solid 
matrix, the magnetic moment rotation dependents on the nanoparticle, this one 
remaining fixed. Owing to this mechanism, there appears a N6el relaxation moment [5] 
associated with the magnetic moment rotation, inside the nanoparticle, the corresponding 
relaxation time being correlated with the material properties of the particles. In case of 
a low nanoparticle concentration, so that we can neglect the dipole magnetic 
interactions among the nanoparticles, the expression of the Neel relaxation time has 
been established by Brown, in the form [5] : 
{ K V
'
 ( . ) kBT 
where V is the volume of the particle magnetic core. In the relation (1), based on the 
study presented in the paper [2] : 
V4a3 
0N
 ~ y ^ p r * rB., (2) 
KV 
where a =. — - , K = effective magnetic anisotropy constant of the nanoparticles, V = 
KQT 
average volume of the nanoparticle, kB = Boltzmann constant, T = absolute temperature, 
and rBI = relaxation time "inherent Brown", introduced due to the analogy between the 
rotation motion of the magnetic moments, inside the particle, and the Brown rotation 
of the particle : 
r B , = ^ , (3) 
Bl
 kBT 
where rjm is "the internal magnetic viscosity" which depends on the nature of the 
material. Replacing (3) in (2) and taking into account the expression of the non-
dimensional ratio a, it results : 
-
3!hn I. 
~ 2K i 
7r/f=T 
' 0 * - ^ , - ^ - . (4) 
The motion of the magnetic moments in the magnetic field H, versus the crystal axes 
of the particles, is described by the equation Landau-Lifschitz [1] : 
-~~ = - 7 {mxfi0H) - 5jl [mx(#nx/x0H)], (5) 
where a is a non-dimensional damping constant and 7 is a gyromagnetic factor. In a 
constant field, the first term (from right) of the relation (5) represents the free 
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precessional motion of the magnetic moments around the H direction with Larmor 
frequency uL = 7 ^ The second term, which represents a vector directed from the 
magnetic moment direction to the applied field direction, determines the reduction of 
the precession angle The time when the magnetic moments direction overlaps the field 
direction is exactly the Neel relaxation time rN The factor b, - - ~ ~ in the relation 
(5) represents the rotational mobility of the magnetic moments Therefore, for the 
rotational diffusion coefficient of the vector m, according to Einstein's formula [2], we 
have D, = b,kBT = — Taking into account the definition of the diffusion time rB) 
fi0m 
= (2D,)"1 and the relation for the magnetic field of the monodomam particle (m = VMS, 
where Ms is the saturation magnetisation of the solid material which the particle comes 
from), we obtain . 
* " 2pykBT • ( 6 ) 
From (3) and (6), we get the explicit expression for the magnetic viscosity 
i. = f* m 
By introducing (7) in (4), for r0N we obtain the expression 
T -J*-T„a 1/2 (8) 
TQN — TQU \ / 
with 
2oryK 
which represents the relaxation time of the precessional motion in the anisotropy field 
Ha. If, at the moment f = 0, the vector m deviates from the low magnetisation direction 
with an angle 0O, then, under the action of the anisotropy field, the angle between m 
and Ha varies in time, according to the relation . 
0(f ) = 0oexp <10) 
If we introduce (8) in (1). we obtain the Neel relaxation time [5] 
•& nL„«„ (11) 
T W = T O N expa = — - - 2 ° 
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where r0 is given by the relation (9) and a = - — . 
KQT 
The relaxation processes involve dissipative processes that are described by the 
dependence of the imaginary component x " of the complex magnetic susceptibility on 
the field frequency. According to Debye [6], the N6el relaxation time is correlated with 
the angle frequency u;max, where x " is maximum according to the relation : 
^max^ = 1. (12) 
As example, we will realise a sample with low concentration of mix ferrite NiZn. 
Through a O-metric method, using a line with short-circuit transmission as sample, we 
will determine the dependence of the imaginary component x" . complex magnetic 
susceptibility or the imaginary component of the complex magnetic permeability //" on 
the applied field frequency. From the dependence graph / / ' = /(f), we will determine 
the frequency that corresponds to the peak of the curve. We will introduce the value 
of this frequency in the Debye relation (12) to determine the average Neel time for the 
magnetic relaxation and then, from the relation (11), through graphical plotting, we will 
determine the effective average magnetic anisotropy constant of the nanoparticles. 
2. Sample preparation 
The sample is made of nanometric dielectric ferrite powders, having organic nature. The 
nanometric powder is mix ferrite NiZn, Ni0i2Zna8Fe2O4( obtained through atomisation, 
with the average magnetic diameter of 13 nm, having spontaneous magnetisation Ms = 
2.85-105 A/m. The used organic matrix is Nestrapol 450, an unsaturated polyester 
resin in liquid state. During mixing and homogenising the powder-Nestrapol mixture, we 
added a plasticiser - cobalt naphthenate and a hardener - butanox (peroxide of methyl-
ketone), and then the mixture was poured in moulds. The mixture solidified in the 
moulds in few hours, at the room temperature, depending on hardener quantity. We 
obtained a toroid sample, with the length smaller than the length of the coaxial 
transmission line used in the measuring installation. The apparent volumetric fraction 
(the volume occupied by the unpressed powder spread in the sample volume) is 0.7335 
and the real one is 0.3836. 
3. Method for measuring the complex magnetic permeability in a radiofrequency 
field 
Experimental results 
To determinate the components of the complex magnetic permeability, we used a 
O-metric method [7] based on the determination of the complex impedance of the 
sample, z$ = Rs + jXs with the help of the short-circuit transmission coaxial line 
technique. In case the transmission line is not full of material, the method presented 
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in [3] and [8] may be used, applied for fluids. The equivalent circuit of the short-circuit 
transmission coaxial line, discharged on the charge impedance zs is presented in 
Figure 1, and the line model is presented in Figure 2. 
li 
+ 0-
Vi 0 
Zo.Yo 
-Q 
x L 
* kL J 
X=0 
Figure 1. The equivalent circuit of the 
transmission line discharged on the 
charge impedance zs. 
Figure 2. The model of the transmission coaxial line 
in short-circuit, discharged on a toroid sample. 
The feed impedance of the transmission line at the distance x from the charge 
(Figure 1) is given by : 
Zi = ~r 
V, Vs cosh(70x) + z0ls sinh(-y0x) (13) 
// /s cosh(70*) + — sinhb0x) 
That can be written as : 
zs + Zpthj^x) 
z,=z<> Z0 + ZsWloX) 
where zQ is the characteristic impedance of the empty line (with air) with 
*«* ... D IHQ 1 . D 
^ = ^ 1 0 ^ = 
2ir d \e, 2ir 
(14) 
(15) 
where D and d are the outer and, the respective, inner diameter of the transmission 
line, and 70 is the propagation constant that can be written : 
7 o « « + # "* 0 6 ) 
with a -> the attenuation coefficient, /3 = 2TT/A - phase factor and A - wavelength 
in line. In case the losses in line are very low o s 0 and 70 = IP, the eq. (14) 
becomes : 
zs + jZptg(Px) 
'
 0z0 + JzBtg(flx) 
(17) 
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In the methods presented in the papers [3] and [8], the relation used is type (17). 
Thenceforth, we will take into account also the attenuation coefficient from the 
propagation constant. In case of coaxial air line in short-circuit, with the length /, 
zs = 0 and Vs = 0. And, from the relation (14), the feed impedance becomes : 
Z /0 = Z0tf7(7o/). (18) 
From the relation (18), using the expression of the hyperbolic tangent, 
th(lol) = 
e10' + e v 
we obtain the propagation constant for the air line : 
- > f r + % 
(19) 
(20) 
=•(0 
Let's consider the case of a discharge coaxial transmission line, on a sample with the 
length L (Figure 2), where 2b and 7o represent the characteristic impedance and the 
propagation constant for the air line. From the relation (14) we obtain : 
Zpth(70x) (21) Zo - Z^/7(70X) ' 
z-, = R, + / * , . (22) 
The values measured through the Q-metric method, Qu C,, Q2, Q>, for the coaxial line 
partially filled with magnetic material (Figure 2), are used in the relations [3], [8] : 
* , = 
K = 
_L 
2nf 
1 
27rf 
' 1 
C,Q, C 
1 • 
'QQO J 
(23) 
(24) 
For / = 1, without the sample, we obtain Ri0 and Xi0, and for /' = 2, with the sample 
presence, we obtain the components Rip and Xip of the charge seen through the line 
with the length A By gradually introducing the value pairs (R,p, Xip) and (Rl0, Xl0) in 
the relation (9) that takes into account the losses, inspite of the ideal relation (17), we 
obtain the impedance components of the line segment (with magnetic material), 
= «x„ + JXX §' * ; *b R *0 ix. *b (25) 
Then, the real component of the magnetic permeability is / / = — - , the tangent of the 
magnetic losses angle is tgSm 
Rv -R 
—, the imaginary component of the magnetic 
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o-permeability is : / *" = (ii' + 1)tg6m and the factor of material quality is - / 6 
Experimental results for our sample are presented in Figure 3. 
x 10"= 
tgt>m 
2.5 
2 
1.5 
1 
0.5 
L.J l°.J 
.' o : : 
L Q'Q. 
1.6 
i.4<k-©-0->-Qji>-Q-0-i' 
1 2 
• l u i 
3.5 
3 
2.5 
2 
1.5 2 2.5 3 3 5 
t(H2) 
x icr3 x 107 
-0-. 
o ; 
O <K 
15 2 2.5 3 3 5 
f(Hz) 
x 107 
1 5 0 0 . 5 
1000 
500 
9
 0 
"1.5 2 2.5 3 3.5 
f(Hz) 
x 107 
"1.5 2 2.5 3 3 5 
f(Hz) 
x 107 
Figure 3. The tangent of the losses angle, the complex relative components of the magnetic permeability and the 
quality factor of the material are plotted against the frequency - for our sample. 
Theoretically (Debye theory), it was shown that at the frequency when x" is 
maximum, the condition : xm" = Xm is effective, where \ m ' represents the value of %' 
at the same frequency. But, after measurements, it was seen that / i m " < fim\ i.e. \m" 
<Xm> This kind of deviation can be explained by the fact that only some particles of 
the magneto-dielectric material have a super paramagnetic behaviour. In Figure 3, it can 
be seen that the maximum imaginary component of the complex magnetic permeability 
is obtained at an average frequency of 34 MHz that corresponds, according to Debye 
relation, at the N6el relaxation time rN = 4.68 ns. 
In order to determine the anisotropy effective constant of the sample nanoparticle, 
the N6el relaxation time (11) should be written [having in view also the relation (9)], as 
follows : 
a exp(b-K) 
= 1, (26) 
where a = ^ M ^ k s T and b = — are constants that can be calculated taking into 
AocysV KB' 
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account the value of the giromagnetic factor 7 = 2.41-105s 1A~1m and the damping 
constant a = 0.02 (for most ferromagnetic materials, a is around 10~2). The relation 
(26) is a transcendental equation in the unknown K, whose solution can be graphically 
determined. Let f, be the numerator of the relation (26) and f2 the denominator of the 
relation (26). At the room temperature, the graphical representation of the functions f, 
and f2 is presented in Figure 4. The solution (the value of K) is the value where the 
two curves intercross (i.e. K = 6300 J/m3). 
1000 2000 3000 4000 5000 6000 7000 8000 
Effective magnetic anisotropy constant (J/mc) 
Figure 4. The graphical determination of the effective magnetic anisotropy constant of the mixed NiZn fernte 
nanoparticles dispersed in solid organic dielectric matrix. 
If we consider the particles to be spherical, identical and arranged into a cube 
tangent to nanoparticles, the maximum volumetric real fraction of nanoparticles, in case 
the powder is not pressed, is fmax = 0.523. According to Garcia relation [9], the 
maximum volumetric real fraction of nanoparticles, in case the powder is not pressed, 
8KV 
is fm 0.32- 2 =0 .523 , where ^0 is the vacuum magnetic permeability. From 
VQMS 
this relation, we obtain a limit for K = 6637 J/m3. It can be seen that there is a good 
correspondence with the value determined through the graphical method. The difference, 
between this value and the graphically obtained value, can be explained by the fact 
that the dispersed nanoparticles in Nestrapol 450 are not perfectly spherical. 
4. Conclusions 
The paper presents an experimental study of a composite material, in dynamic 
radiofrequency field, based on mixed NiZn ferrite nanoparticles and, in the same time, 
a method to determine the effective magnetic anisotropy constant of the nanoparticles 
dispersed in an organic dielectric solid matrix. The method takes into account the fact 
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that r0N (from the Neel relaxation time relation) depends on K [relation (9)] and it is 
not considered a constant with the value of 1(T9 seconds, inspite of the claims in 
literature. 
The scientific and technological importance of the dispersed magnetic systems 
of nanometric particles is justified by the possibility of realising advanced magnetic 
materials [10-16], from natural nanostructures to artificial nanostructures : ferro-fluids, 
medium of high density magnetic recording, magnetic sensors, hard and soft magneto-
dielectric electro-technical materials, at usual and high frequencies .. 
In all these cases, the special magnetic properties of the materials can be 
obtained through an adequate check of the effective magnetic anisotropy constant and 
the distribution of nanoparticle dimensions and concentration [17] 
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Abstract : In a uniform fiber Bragg grating, if the input signal is a Gaussian pulse the dispersion is zero near 
center wavelength and becomes appreciable only near the band edges and side lobes of the reflection spectrum 
However for chirped Gaussian pulses, group velocity dispersion and the reflected light must become asymmetric 
Here the chirped Gaussian pulses can be treated as a symmetric but nonuniform input signal The present paper 
describes that for the case of symmetric Gaussian pulse, the group velocity dispersion and pulse distortion 
remain symmetric however strong the grating may be On the other hand both tend to be more asymmetric for the 
case of strong grating while the input signal is symmetric with nonuniform shape 
Keywords : Coupled mode theory of fiber Bragg gratings, group velocity dispersion effect, chirped Gaussian 
pulses 
PACS Nos. : 42.79.Dj, 42 79 -e 
1. Introduction 
Recently, there has been growing interest in the dispersive properties of fiber Bragg 
gratings for applications such as dispersion compensation, pulse shaping and fiber and 
semiconductor laser components [1]. Although many of these rely on the ability to 
tailor the dispersion in the nonuniform gratings, here we introduce the basis for 
determining delay and dispersion from the known (complex) reflectivity of a uniform 
Bragg grating. The amplitude and power reflection coefficients in a uniform fiber Bragg 
grating for the case of non-phase-matched contradirectional modes coupling are given 
by [2-14] : 
-K s\nh(f2L) 
^sinh(/?L) + /rtcosh(rtL) v ' 
#n .. A ,. © 2008 IACS 
Corresponding Author 
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\pf~ 
n2 + 
2 sinh
z(f?L) 
Q2cost\2(f2L) + lEi) 
2 
sinh2(flL) (2) 
Here the parameters ru k and Q represent the mismatch between the momentum of 
the mode with the refractive index perturbation, mode coupling coefficient and the phase 
detuning parameter, respectively. Turan Erdogan [2] presents a derivation of the above 
equations. The group delay and dispersion of the reflected light can be determined from 
the phase of the amplitude reflection coefficient [2]. If we denote 0p = phase{p) then, 
the delay time rv for light reflected off a grating is 
0„ 
T
" du 2nC dX (3) 
1MB S 1M0 14606 1881 
Mnm) 
Figure 1 . Calculated reflection spectra and 
corresponding group delay for an uniform Bragg 
grating with (a), (b) KL = 2 and (c), (d) KL = 8. 
I 
xAA/\i" 
1&82 " 0 6 18488 18S0 18502 15804 18808 lV . t f 
X(nm\ 
4rdM IJ —^Vr i v . — i 
•TO 2 18*04 18488 184*8 1M 18802 18804 18808 1»0« 
Figure 2. Calculated group velocity dispersion for 
the same case as Figure 1 with (a) KL = 2 and (b) 
*L = 8. 
Figure 1 shows the delay rp calculated for the two examples of the grating. We see 
that for unchirped uniform grating both the reflectivity and delay are symmetric about 
the center wavelength. Since the dispersion dp (in ps/km) is the rate of change of 
delay with wavelength, we find 
" d\ 
2T„ A2 d2e 
2nC d\2 
Asymmetric group velocity dispersion and pulse distortion in a uniform fiber Bragg grating 1683 
~2nC\ 2 ^ 
dcv2 (4) 
In a uniform grating, the dispersion is zero near center wavelength as shown in Figure 
2 and becomes appreciable only near the band edges and side lobes of the reflection 
spectrum, where it tends to vary rapidly with wavelength. 
2. Asymmetric pulse distortion 
Gaussian pulses can be considered as a symmetric signal, on the other hand chirped 
Gaussian pulses can be presumed to be nonuniform but symmetric signal. Figure 3 
demonstrates various kinds of Gaussian pulses with different values of chirp parameter 
[3]. Now if we feed these Gaussian pulses to a uniform Bragg grating, we can visualize 
the pulse distortion as well as reflected mode field due to these chirp factors. We 
consider only the positive chirped Gaussian pulses into analysis because the negative 
chirp factor will only reverse the whole effect. First we present the results of chirp free 
pulses. Figure 4 shows the fundamental reflected mode field and corresponding peak 
power reflection spectrum. 
5 o 
°[ ~-\/\}^J 
"S r* 
C l l X 
» 
.• T5S0 
we* 
1S«' 1»'0 1650 5 DM 
Figure 3. Gaussian pulses (left side) and 
corresponding phase spectrum (right side) for various 
values of chirp factor. 
Figure 4. Fundamental reflected mode field and 
corresponding peak power reflection spectrum while 
C=0and /,L = 2 
Figures 5 and 6, show the reflected light for the two cases, one for weak 
grating (KL = 2) and another for strong grating (*L = 6), while chirping factor is kept 
at C = 0 and C = 2, respectively. One can see from Figures 5 and 6 that for chirp 
free pulses the reflected power is symmetric in both the cases, while for C = 2, they 
are considerably asymmetric. Reflected pulse would be more asymmetric for strong 
grating. 
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I M S 154115 1550 15501 1351 1549 1549 5 1550 1350 5 1551 
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Figure 5. Reflected light at z = 0, while (a) C = 0, 
(b) C = 0 a n c U i . = 2 
1649 5 1610 1550 1 
x<nm) 
1549 1S48 5 ia<j0 l&fc)-* 
JL(nm) 
Figure 6. Reflected light at z = 0, while (a) C = 0 (b) 
C = 2and hL = 8 
3. Asymmetric group velocity dispersion 
Dispersion plots and corresponding contour maps for various values of chirp factors are 
shown in Figures 7, 8 and 9, respectively for KL = 2. For the case of chirp free pulse 
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Figure 7. Dispersion and corresponding contour 
map for C = 0 and ^ L = 2) 
Figure 8. Dispersion and corresponding contour 
map for C = 2 (/vL = 2) 
the dispersion is zero at center wavelength where the peak reflection occurs; on the 
other hand, for considerably chirped pulses the dispersion curve no longer remains 
symmetric but picks up a considerable curvature. For highly chirped Gaussian pulses 
(C = 4), the dispersion curve picks up larger curvature at all the wavelength of interest 
This feature can be considered as an asymmetric response of uniform fiber Bragg 
grating even for weak grating case. Figures 10 and 14 show the fundamental reflected 
mode field and corresponding peak power reflection spectrum for the case of moderately 
strong {KL = 4) and strong grating {KL = 6). The reflection bandwidth of the spectrums 
are 0.4 nm (Figure 10) and 0.6 nm (Figure 14), respectively. Dispersion and contonr 
maps for different values of C and KL are displayed in Figures 11-13. Comparison of 
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Figure 9. Dispersion and corresponding contour 
map for C = 4 (*X = 2) 
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Figure 11. Dispersion and corresponding contour 
map for C = 0 (KL = 4) 
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Figure 17. Dispersion and corresponding contour map for C = 4 (*L = 6) 
Figures 7, 11 and 15 suggests that for the case of symmetric Gaussian pulse the zero 
dispersion bandwidth is more pronounced for the case of strong grating (B.W. « 0.6 
nm) [15] while for chirp free pulses dispersion accumulates more for some singular 
points in the case of a strong grating (±80 ps/nm). The dispersion graph becomes 
significantly asymmetric for strong grating for considerably chirped Gaussian pulses. It 
is quite symmetric for weak grating (±5 ps/nm) case even for the same simulation 
parameters. 
4. Conclusion 
We have found that for the case of strong grating the dispersion is large at some 
particular point of bands which may be due to rapid phase variations. Infact, the weak 
Asymmetric group velocity dispersion and pulse distortion in a uniform fiber Bragg grating 
grating shows lesser dispersion but the dispersion is more spread out over the band 
as compared to strong grating The dispersion graph tends to be more asymmetric for 
the strongly chirped pulses. Simulation also shows that the dispersion is high due to 
strong grating at some singular point of wavelength There is no effect of chirp factor 
on absolute value of dispersion as such The only advantage of using strong grating 
for chirp free pulse is that we can achieve a large band of zero dispersion at some 
center wavelength where the peak reflection occurs 
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plasmas. The study of these effects has been paid a great deal of interest in recent 
years. Dust charge variations play an interesting role in the non-linear propagation 
characteristics of dust acoustic wave. In case of non-adiabatic dust charge variation, it 
produces an anomalous dissipation that causes shock wave in dusty plasmas [4,5]; 
also for weak dissipation, the non-linear waves become damped due to the dust charge 
variations [6-8]. 
DAWs have been studied in dusty plasmas with non-thermal ions and constant 
dust charge [9]. Also, these waves in hot dust plasmas have been investigated in [10]. 
Wang et al have studied effect of negative ions on the formation of solitary waves in 
dusty plasmas by using the Sagdeev potential [11,12]. Cylindrical KP equation in warm 
dusty plasmas with two ions has been studied too [13]. Solitary waves of the KdV 
equation have been investigated in dusty plasmas with variable dust charge in [14,15]. 
Gill et al have also analyzed solitons of KP equation for these plasmas with two 
temperature ions [16]. This paper deals with the 2D non-linear structures of dust 
acoustic waves incorporating dust charge variations and non-thermal ions. The problem 
is interesting from astrophysical point of view, as the observations of PHOBOS and 
NOZOMI satellites confirm the presence of non-thermal ions on the upper ionosphere 
of Mars and in the vicinity of Moon. Also in truly dusty plasma the charge on dust 
grains is an extra dynamical variable that varies in time. 
We study the non-linear waves in dusty plasmas with variable dust charge; 
Boltzmann distributed electrons and the non-thermal ions. In Section 2 the basic set 
of equations is introduced. We will derive the KP equation by using the reductive 
perturbation method in Section 3. In Section 4 the modified KP equation is derived at 
the critical density. Finally, conclusions are given in Section 5. 
2. Basic equations 
As before mentioned, we consider the propagation of dust acoustic waves in a 
collisionless, unmagnetized dusty plasma consisting of high negatively charged dust 
grains, variable dust charges, non-thermal ions and Boltzmann distributed electrons. 
Total charge neutrality at equilibrium requires that ZodnQd -f nQe = nQn where n0h nQe and 
n0d are the equilibrium values of ions, electrons and dust number densities respectively. 
Zod is the unperturbed number of charges on the dust particles. The following set of 
normalized two dimensional equations of motion describe the dynamics of dust 
acoustic wave in the variable dust charge plasmas : 
dnd d , x d , x . dud ' dud dud _ d<t> 
dv« dvH duH ^ 36 d2<j> d2<b 
in which ud and ud are velocity components of the dust particles in x and ^directions 
Solitary waves in dusty plasmas with variable dust charge and non-thermal ions 1691 
and normalized by the dust acoustic speed cd - Jz0dT,/md, where 7, is the 
temperature of ions, md is the mass of dust particles. nd and p are the dust number 
density and electrostatic potential that have been normalized by nodand TJe and e is 
the magnitude of the electron charge, respectively. ne and n, are the electron and ion 
number densities which are normalized by n0e and n0/, respectively. The space and 
time variables are normalized by the Debye length \D r- yJT,/4nn0dZde2 and the 
inverse of dust plasma frequency ^ ^ ylmd/47rn0dZ*de2, respectively. Normalized 
number densities for Boltzmann distributed electrons and non-thermal distributed ions 
are 
na = (/x/1-/*)efl'0, ", HV1- /0 [1 +/*(<* +*2)j< (2) 
where n~nQe/n0n at^T,/Te and # = 4 n r / ( i + 3 « ) in which o arises due to the 
effects of non-thermal ions. The electron and ion currents for spherical dust grains with 
radius r are [17] 
enr' •V^vv /77„ 
" / ' J 
<7,(<^</') 
/. = -enr2yjBTJ'Kml 
. 1 - /x j 
1 
{1 + 3a J 
1 + 24a) , 16a ,2 H 6 4- 4a0 
3 
- 7 / ; 1 + 8a 
5 j 
+ — <£ + 4a</>2 
3 (3) 
in which V = ^ 0 * denotes the dust grain surface potential relative to the plasma 
potential 4> and Qd = qjz^e, where qd is the dust charge. zde is the magnitude of 
the equilibrium dust charge and Z = zde2/4ire0rTe is the non-dimensional dusty plasma 
parameter. The term 47re0r is the capacitance of the spherical dust grain with average 
radius r. By considering the only electron and ion currents due to collisions with 
plasma particles, the dust grain charging equation is given by 
dQJdt = (/. + /, )/zde. (4) 
If the thermal velocities of electrons and ions are larger than their streaming velocities 
[15,16] the charge-current balance equation reads [17] 
C+^^-l***0 (5) 
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and we have 
_ 2 4 a , 16a
 2 
5 3 - t f 1 + 3a 
x exp (-0) (1 - ip) - /i exp [<r, (0 + </>)] = 0 
„ 8a 8a
 A M ±2\ 1 + — + — 0 + 4a02 
5 3 
(6) 
v> where /x, = /77,/me = 1840. Ztf is defined as Zd = — , where ^0 ^ V>(0 = 0) is the 
dust suface floating potential with respect to the unperturbed plasma potential at an 
infinite region. By substituting 0 = 0 into (5) we have 
V^I/^I 
1 1
 + —— V^o U+3aJ 
Z<j can be expanded respect to 0 as 
5 (l-^o)-/*exp(<T,V0) = 0 (7) 
(8) 
where 7, = —•. 72 = r r ana 73 = - —- come from expanding V near Vo so we can 
V'o 2V>o 6 V 0 
write 
i t f - h 
8a 
15 ° 
~)-M 
( W o 
- T ) 
) + '.| 
](w 
[1 + — j-V-o 
, (1-V» 0 ) ) - (1-
5 J 
V>o)(l + 8a] 5 J 
(9) 
V'= 
and 
^/(1+Vb) „^24a L , 8a '
+f+2h^H-hf Vb (i-Vb) 
1+ 24a 
5 J -V 'o 1 + •f)(i-Mi-*))-(i-*)(i+y) 
where 4 and B are 
>4 = {2a/(l + ^ o)2 + ^ , [ l + ^(l-h^)]}x 
-i . 24a f 8a 
1 + _ . ^ 1 + T 
( ! - * > ) * , - < T-i+4-T)-4+f 
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+ ( W o ) 3 + 372a) 15 + 1 + 
88a) 
Vv> 3 + 104a 00 + 3 - ^ 15 <' 
-V-o 
e = 
M 1 + 8a) + 2Vo 1 - 16a 
3 j Hh + 
104a) 
1 + 24a -V»o 1 4 * 1 5 J ( 1 - " , ( W O ) ) - ( W O ) 1 + 
8a (11) 
3. Derivation of the KP equation 
Let us study the behaviour of small amplitude dust-acoustic waves. The KP equation 
is obtained by using the reductive perturbation method. The stretched coordinates are 
defined by 
Z = e(x-\t), ri = e*y and T = e2f (12) 
where A is the phase velocity of waves and e is a small parameter which is 
characterizes the strength of the nonlinearity. Dependent variables are expanded as 
follows 
Uri=£ 'U w +e* i fc r f +. . . '2d 
vd = £\d+esv2d+... 
(j> = e% + e*<fiz+... 
Zd=1 + e%d+e%d+e%d + .... (13) 
By substituting (13) into (1) and collecting the terms in the different powers of c we 
have 
-80, A N,d = --±, «irf = — r , 0, 1 A ' A2 = 7i + 
jwr/+1-|9
 v ^ 
1 - / * 
A-
#£ A? 
= Z2 + n2tf + ^ n 1 d + ^ h M + ( l - ^ ) ]0 2 + i ^K- l )«A 1 2 
du^
 xpu2d , .. 0 % 
• + «4 id 
^ 2 
Finally the KP equation is obtained 
+ Z, 1cf 
9<f>i ^ ^ 9& • * . ° *i 
di3 ZZL + t^^l + b^g 
(14) 
(15) 
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Coefficients of non-linear and dispersion terms are 
72 + 
_ 3 
2 
ficrf - 1 
2 ( 1 - / ' ) 7i + 
//a, + 1 - / 3 
7i + 
H<T, + 1 - / 3 
^-^l 
7 , + 
Ito, + 1 - / 3 
1 - / * 
V2 
-3/2 
-3/2 
+ 37, 7i + 
^cr, + 1 - / 3 
1-fJ 
-1/2 
1-M 
1 
c = -
2 
7 i 
/;CT, + 1 - / 3 
1-/x 
-1/2 
(16) 
Figures 1 show "a" as function of n, a and <x,. Figure 1a shows "a" as a function of 
fi and Q with a, = 0.3. In this figure we can see that with a fixed values for n, "a" 
increases when the value of non-thermal parameter (n) is decreased. Also "a" gets 
increased with an increasing n when a is fixed. In Figure 1b n has been thaken 0.5. 
-~V«Y\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 
n a i « ,„„„„ 
1
 ° 
a b 
Figure 1. Parameter "a" as a function of «, // and a, (a) a,= 0 3 and (b) a = 0.5. 
In this Figure we can see that "a" decreases when a, is increased with fixed values 
for fi. In all of the Figures parameters 7, and j2 have been taken equal to zero. 
Figures 1 show that for some values of parameters, "a" is positive and for some other 
values it is negative. This means that both compressive and rarefactive solitons are 
available. 
Figures 2 present the parameter utf respect to ^, a and a,. In the b-fj, plot 
at = 0.3, while in the b-ah a = 0.3 and in the b-a plot af = 0.3 has been selected. 
The 7! and 72 are zero in all the cases. Behaviour of the parameter "<f is the same 
as what we have seen for the parameter utf. 
Figures show that dispersive parameter mtf decreases when /x is increased while 
a and (7/ are fixed. On the other hand "If increases with an increasing non-thermal 
parameter a when other parameters ermine unchanged. But for high density situations 
which 0.6 < p < 1 "0* approximately is independent of a. Thus the width of soliton 
increases when a increases. 
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by [16] 
Eq. (15) has solitonic solutions and one-soliton solution for this equation is given 
^1 — 4>m s e c h ?2L w (17) 
where x = £ 4- v - UT and solition amplitude and width are 
. 3(u - c)
 n i b 
Figures 3 show the soliton profiles with different values for the parameters. We can see 
that both compressive and rarefactive kinds can be created. 
li = 02 
7i * 7z - 0 7i = 7z = 0 
*, = 03 
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Figure 2. Parameter tttf' as a function of //, a and a,. 
The change of the type of the solition from rarefactive to compressive type is in 
agreement with the change of the parameter "a" with respect to medium parameters (cv, 
<r, and fi). As an example, the a-a curve in Figure 1 shows that for /i = 0.5 and 
0 < a < 0.43 the parameter "a" is negative. Thus we have rarefactive soliton in this 
region of parameters. Also for a > 0.43 "a" is positive and we expect to have 
compressive soliton. The <f>~x P ,ots w i t h different values of a in Figure 3 are in 
agreement with the results of Figures 1. 
4. The modified KP equation 
The strength of the non-linear term in KP equation depends on the value of parameter 
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Figure 3. The soliton profiles of the KP equation for different values of parameter 7, and y2 a r e z e r o i n all P'o ts 
"a" which is a function of / i , # an 7, and 72. "The dependency of "a" can be studied 
by plotting this quantity as a fucntion of other parameters. By taking a specific value 
for the density (which is called critical density) it is possible that "a" becomes zero 
and thus 0 m increases to infinity. With the ^ = j2 - 0 the critical density is 
6 * , (1 - /?) + 1 + <r? ] ± { [&r , (1 - 0 ) + 1 + <r? f - 8<xf (2 4- 3/?2 - 6/ i 
1/2 
4*f 
.(19) 
In this case the stretching coordinate transformation is not valid. But we can save the 
equations by using a new set of parameters as follows 
nd = 1 + enAd + e2n2d + e3n%t§ +... 
tfd=euw+e2u2d+e3£/3d+. • 
vd = z2v\d +e*v*i +£Av*d + -
</> = e 0 1 + e 2 0 2 - f e 3 0 3 + . . . 
* * - 1 + e27i*i 4 eA ( 7 1 0 2 + 7 2 0 t ) + e6 ( 7 l ^ + 272^1^2 + 730?) - (20) 
Again by using (20) in the main eqs. (1) and collecting terms with the same powers 
of expanding parameters e we find eq. (14) for the lowest order. But for higher orders 
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of e we will have 
""-Mh*}* "2<=iH^H^~ ^2 A 
F = 71 + 
pa, + 1 ~ & 
1~/z (21) 
dnw . dn3d d , . dv,rt 
dr 
^T + ^ K^)-A —-—+ 7,-^) + - - ^ ) 
and 
a^ 2 
= n,Z2 + n2Z| + n, + Z 3 + \UJ, + \-d x 1 < £ 3 + -
1- / i 6 
/iaf + 1 - 3 / 3 
1-/ i 
3 / 1 ^ - 1 
2(1- /1)V 1 V 2 
-A 
dv, 50, 
Finally, we have the following equation 
d_ 
0* 
^+Atf»Jl+El.m2) + B^ 
dr d£ di 8^ 
where A, E% B and C are 
A = l ± 7 2 + ^ 3 2 2 
+ ±* 
4 7i + 
7i + 
pa, + 1 - / 3 
^ , + 1 - / 3 
1 -M 
3/2 
-1/2 
1-M 
- 7 i 
2 7i + 
HO, + 1 - 0 
1 - / 1 
-3/2 
, c^  
7i + 
71 + 
f , por? +1-3^1 
I ' 3 ' 2(1-/1) | 
A**, + 1 ~ P 
1 - / X 
/*<r, +1- /?] 
W I 
]V2 
i 
-1/2 
7i + 
M ,^ + 1-fl 
1-/ i 
(22) 
-3/2 
72 
/"*< - 1 
2 ( 1 - / 1 ) 7 , + 
/ IT, + 1 - f f 
1 - / 1 
-3/2 
+37i 7i + 
/X<7, + 1 - 0 
1 - / 1 
-1/2 
7i + 
pff, +1 - 0 
1-/ i 
1/2 
(23) 
For critical density (/i j "E" becomes zero and in this situation (22) reduces to the 
modified KP equation, 
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at dr ^ at a^ a^2 (24) 
This equation has solitonic solutions. One soliton solution for this equation is [11,18] 
0, = ±4>m sec h\{£ + ii-UT)/W] (25) 
where u, <t>m = J6(u - C)/A and W = yJB/(u-C) are velocity, amplitude and width of 
solitary wave respectively. The above results for one dimensional propagation with ^ = 
Figure 4. Parameter "A" as a function of /x, a and ah (a) a, =0 3 and (b) a = 0.3. In Figures ->,, ->2 and 73 are zero 
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Figure 5. Soliton profiles of the mKP equation for different values of parameters. 7 t * ~f2 m 73 • 0, in all the cases 
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->2 = 73 = 0 can be compared with results of reference [9]. Figures 4 show the 
coefficient "A" as functions of /*, a and ah The 71, 72 and 73 are all equal to zero in 
these Figures. It is clear that "A" is always positive. 
Figures 5 show the soliton profiles with different values of the plasma parameters. 
5. Conclusion 
We studied small amplitude dust acoustic waves in dusty plasmas. We found the KP 
equation for a system of dusty plasma which contains Boltzmann distributed electrons 
and negative and variable charge of dust particles. The results which are presented in 
this section can be compared with what has appeared in [9] for the same system but 
with fixed charge for the dust particles and the results of [15] for warm plasma with 
the external static magnetic field. Also, the mentioned equations agree with those in 
reference [16]. 
Varying the amount of dust charge changes the strength of non-linear (parameter 
"a") and dispersive (parameter "#') terms [10,16,14,15]. A solitonic solution for the KP 
equation can not be found when the parameter "a" becomes zero. But in this case the 
KP equation changes to modified type of the KP equation. The mKP equation has 
stable solitonic solutions while the KP equation does not have any such solution for 
a = 0. The effects of non-thermal ions, density (//,) and temperature (a) on the 
behaviour of the solitions have been discussed by numerical simulations. 
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Abstract : We report a surface stress calculation for one-monolayer adsorption of As on the Si(001) and the 
Ge(001) surfaces. The density functional theory within local density approximation has been used. A comparison 
of our two results show that the As-adsorbed-Ge surface is more isotropic than the As-adsorbed-Si surface. 
The adsorption of As removes the original Si (Ge) asymmetric dimers and forms symmetric dimers. This is 
attributed to the decrease in stress anisotropy due to the introduction of defects on the surface. This inference 
is in agreement with that of He and Zhang who studied a Sb-adsorbed-Si(001) surface. 
Keywords : Surface stress, adsorption, arsenic, germanium, silicon, density functional theory, stress 
anisotropy. 
PACS Nos. : 73.20.-r, 73.20.At, 73.20.Hb 
The adsorption of group-V elements on the surfaces of group-IV elements has been the 
subject of great interest both theoretically and experimentally in the last few years. The 
interest has grown because of the influence of group-V elements in enhancing the 
abruptness of the interface in crystal growth of heterostructures by acting as surfactants, 
and in modifying the electronic properties by acting as dopants [1]. The adsorption of 
As, under good experimental conditions leads to a well ordered symmetric dimer 
structure on both Si(001) and Ge(001) structure [2,3]. Arsenic lowers the surface free 
energy of both Ge and Si, and it can be used as surfactant in the growth of Si on 
Ge(001) [4]. The surface stress has been recognized to play important role in the 
adsorption process of As on Si(001) and Ge(001) surfaces [5,6]. In this paper we report 
our study of the surface stress calculation of 1-mono-layer adsorption of As on the 
•Corresponding Author © 2008 (ACS 
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Si(001) and Ge(001) surfaces employing an ab initio pseudopotential method. 
In this study we have used the density functional theory of Hohenberg, Kohn and 
Sham (HKS) [7-9] with the utility of the ABINIT code which in based on pseudopotential 
and plane waves [10]. The electron-ion interaction was included in the form of norm-
conserving pseudopotential [11] that are fully separable in the Kleinman-Bylander form 
[12]. The pseudopotentials were generated using the FHI98pp code [13]. The electron-
electron interaction was considered within the local density approximation using the 
correlation scheme of Perdew and Wang [14]. 
A brief outline of the density functional theory is given below. 
This theory puts charge density at the centre stage. The solution of Schrodinger 
equation in an external potential would result in a certain ground state wave function 
& to which is associated a certain charge density 
P ( ' I ) = £ M / > ( * I > * 2 xm\dxudx2 tfxm). (1) 
Further, there is a certain energy functional which is minimized by the unknown ground 
charge density, p. The Kohn-Sham energy functional is formally written in the form 
Hk8 = h2/2mv2+Ve„ (2) 
where the effective potential is defined as for a one-electron potential 
Vetf =VN(p) + VH(p) + Vxc(p) (3) 
The energy term associated with the nuclei-electron interaction \s(VN\p) while that 
associated with the electron-electron interaction \s(VH\p) where VH is Hartree potential. 
V„ = / p ( r t y | r - r ' | - c f r \ (4) 
The Kohn-Sham energy functional is written as 
E(p) = {-hz/2m)J2 J <pUr)*2$i(r)dr + J p(r)VSon(r)dr 
+V2ff
 P(r)p(r')/ \r - r'\ • drdr' + Ex {p(r)} . (5) 
Within local density approximation the exchange energy is expressed as 
f x { ^ ) } = / ^ ) E j / > ( 0 ] c f 3 r (6) 
where Ex [p(t)] is the exchange energy per particle of a uniform gas at a density of 
p. The exchange potential can be determined from the functional derivative of Ex[p(r)) 
LB. VX(P) = SEX(P)/Sp- (7) 
Using Hartree-Fock theory it has been shown that the exchange energy of a free 
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electron gas is given by 
E^G = 2 £ h*k2/2m 
K<K1 
- < ^ * / / * > ^
 (8) 
Comparing with HF expression for the exchange energy of a 'free electron gas* one 
obtains for the potential 
VAP) = -(e2M-{3n2p(r)}V3.
 (9) 
Correlation energies can be included in the energy functional, having the form in LDA 
Vxc [p(r)} = Vx [P(r)} + Vc {P(r)} ( 1 0 ) 
where Vc represents the contribution to the total energy beyond HF limit. Spin is 
included as 
P = P T +P t 
where T and J, represents 'up' and 'down' spins. 
The Kohn-Sham equation for the electronic structure of matter is given by 
(-/72Y2/2/T7 + vN(r) + VH(r) + Vxc [P(r)}) #,<r) « E,4>,(r). (11) 
The KS equation is solved in LDA by using pseudopotential. The pseudopotential model 
treats matter as a sea of valence electrons moving in a background of ion cores 
composed of nuclei and inert inner electrons. 
The KS equation must be 'discretized' i.e. be reduced from a virtually infinite-
unknown problem to a finite-unknown problem. For crystals, plane wave basis has been 
quite effective. 
The plane wave used is of the following form. 
**('> - E G "<fcG> exP<y /1* + G l ' r> 02) 
where k = wave vector and it is a quantum number represented as k = to,, to2, to3, 
G = reciprocal lattice vector and 
ot (k.G) = co-efficient of basis. 
When expressed in a plane wave basis, the Hamiltonian is actually dense matrix. 
Specifically, the Laplacian term of the Hamiltonian is represented by diagonal matrix 
and the potential term gives rise to a dense matrix. 
For non-periodic systems the plane wave basis is combined with a 4super cell' 
method. The super cell repeats the localized configuration to impose periodicity to the 
systems. This preserves the "artificial" validity of k and Blocks theorem which eq. (12) 
obeys. 
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For the surface stress calculations we considered a symmetrical unit cell which 
included an atomic slab with five layers of Ge(Si) and mono-layer of As on each 
surface. The vacuum region between slabs was taken to be about five mono-layers in 
thickness. All of the atoms were allowed to relax except the two Ge(Si) layers in the 
middle of the slab. This choice of slab thickness was found to be adequate as the 
main contribution to the surface stress come from the first three atomic layers. Single 
particle wave functions were expanded with a plane wave basis upto a kinetic energy 
cut off of 12 Ry. The integration in the Brillouin Zone was performed using 8 special 
k points sampled within the Monkhorst pack scheme [15]. 
We considered three adsorption sites for the adsorbate As atom : (a) the non-
diffused configuration, (b) 50% inter diffusion of As into the 2nd substrate layer and (c) 
100% interdiffusion of As into the 2nd substrate layer i.e. As-atomic-layer replacing the 
top Ge(Si) atomic layer. The calculated bond lengths are : As-As « 0.252 nm, As-Ge 
w 0.250 nm, Ge-Ge « 0.244 nm, As-Si « 0.247 nm, Si-Si « 0.250 nm. 
For computing the surface stress for each of the three As adsorbed surface 
geometries the following three dimensional stress tensor expression was employed. 
ft* - (C/2) • < C = (C /2 )K / , + xSafi) (13) 
where C is the height of the supercell, \ is the finite basis correction, and <ra0 the 
three dimensional supercell stress tensor. The results of the present calculation are 
given in the Table 1. These result show that the lowest energy configuration of (a) is 
characterized by stress which is compressive along the surface dimer row direction and 
tensile in the orthogonal direction. A comparison of our two results show that the As-
adsorbed-Ge surface is more isotropic than the Si-adsorbed-Ge surface. The total-
energy minimization calculations show asymmetric dimers for Si(001) and Ge(001). The 
adsorption of As removes the original Si(Ge)-dimer reconstruction and forms symmetric 
dimers [16,17]. This is attributed to the decrease in stress anisotropy due to the 
introduction of defects on the surface. This inference is in agreement with that of He 
et al [18] who studied a Sb-adsorbed-Si(001) surface. 
Table 1. Calculated surface stress in (eV/(1 x 1) unitceli), for direction both perpendicular (g±) and parallel (g^ 
to dimer. The differences (g{l - g±) represent the stress anisotropy. 
As-capped (a) 
2nd layer (b) 
Si-capped (c) 
(tf-L) 
-0.59 
-0.85 
-0.92 
As/Si 
toil) 
0.67 
0.34 
-0.15 
ton - gi) 
1.26 
1.19 
0.77 
As-capped (a) 
2nd layer (b) 
Ge-capped (c) 
(g±) 
-0.38 
-0.47 
-0.61 
As/Ge 
to,,) 
0.75 
0.32 
-0.09 
toil-0-D 
1.13 
0.79 
0.52 
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